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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ink jet recording device which the ink in which 
the energy generation component which gives the energy for hiaking ink breathe out to ink was 
breathed out from the ink nozzle of these plurality using the recording head which put side by side 
two or more ink nozzles built in, respectively is made to reach a record medium, and forms an 
image. 
[0002] 

[Description of the Prior Art] Generally, image output units, such as a printer, a copying machine, 
and facsimile, are constituted so that the image which consists of a dot pattern on record media, such 
as paper and plastics sheet metal, may be recorded based on image information. 
[0003] This kind of recording apparatus can be divided into an ink jet type, a wire dot type, a thermal 
type, a laser beam type, etc. by the recording method, and since the low noise, a low running cost, a 
miniaturization, and colorization have which easy advantage, the ink jet type of them is applied 
widely to a printer, facsimile, a copyiiig machine, etc. 

[0004] Since it consisted of ink jet recording devices so that regurgitation flight of the ink droplet 
(recording ink) might be carried out from the delivery of a recording head, this might be made to 
adhere to a record medium and it might record, stabilization of ttie ink regurgitation was required for 
filling the demand of high-speed record, high resolution, high image quality, the low noise, etc., and 
stabilization of the ink regurgitation was conventionally attained using the following means, 
[0005] That is, the cap member which carries out capping of the delivery of a recording head was 
prepared near the home position of carriage etc., suction recovery action which attracts ink from the 
delivery of a recording head using this cap member, and cancels the poor regurgitation was 
performed, and capping of a delivery was performed in order to aim at desiccation prevention of the 
ink in a delivery. 

[0006] Moreover, Myst generated at the time of the ink which has rebounded from the record 
medium near the delivery, or die regurgitation is accumulated as the ink regurgitation is carried out, 
this accumulated ink is connected with a delivery, and the poor regurgitation, such as non- 
regurgitation and a kink, may be caused. In order to prevent this, surfacb ink was wiped off by 
polyurethane mbber's etc. wiping the front face (face side) of a recording head, and carrying out 
wiping by the member. Although it wipes, a member wipes and it is based on the quality of the 
material or mechanical setups, in order to always maintain the engine performance, it is necessary to 
wipe and to make the front face of the member itself into clarification. The cleaning device in which 
the ink which wipes, presses a member against an absorber etc. as the means, and was scratched by 
wiping was made to absorb was established in many cases. 

[0007] Although stabilization of the ink regurgitation is attained as mentioned above in the ink jet 
recording device, the grace of the image recorded has a large place depending on the engine 
performance of a recording head simple substance. The recording head is constituted by many 
deliveries so that the regurgitation of two or more ink can be carried out. 

[0008] Drawing 16 is the sectional view of one ink nozzle. 1000 is a recording head body, and the 
place of an ink nozzle 1001 is a cavity and is filled with ink. 1002 is an electric thermal-conversion 
object (regurgitation heater), and 1003 is the delivery of ink. 
[0009] Next, ink discharging in a recording head is explained using drawing 17 . 
[0010] If it energizes on the electric thermal-conversion object (regurgitation heater) 1002 and it is 
made to generate heat, the ink currently referring to the regurgitation heater 1002 will be heated 
rapidly, and a bubble (bubble) 1004 will occur ( drawing 17 (a)). This is called film boiling. If 
energization is continued at the regurgitation heater 1002, a bubble 1004 will expand fiirther and will 
push aside ink in the direction of a delivery 1003 ( drawing 17 R> 1 (b)). With the vigor, as some ink 
1005 projects from a delivery 1003 and it shows drawing 17 (c) as a result, an ink droplet 1005 is 
breathed out from a delivery 1003. In this case, an ink droplet 1005 is perpendicularly breathed out 
to the front face of the regurgitation heater 1002. Then, a bubble disappears by energization halt of 
the regurgitation heater 1002, an ink nozzle 1001 is again filled with ink by capillarity, and it returns 
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to the condition which showed in drawing 16 . 

[001 1] Next, the actuation at the time of printing is explained using drawing 18 . In drawing 18 , 
1000 is the recording head of an ink jet recording device, and in this case, since it is easy, it shall be 
constituted by eight nozzles 1007. 

[0012] 1005 is the ink droplet breathed out by the nozzle 1007. The recording head body 1000 shall 
be scanned in the list and the direction of a right angle of a nozzle 1007 (scan), and shall form an 
image. 

[0013] As shown in drawing 18 ^ i^e same discharge quantity from each nozzle 1007, and it is an 
ideal that each ink droplet lOOid^feathed oiit in the same direction" As shovCTi ir Tdrawingi 1 8 (a), 
the ideal regurgitation is performed, as shown in ** and drawing 18 (b), the dot to which magnitude 
was equal reaches the target on space, and the image which does not have concentration 
nonuniformity on the whole is obtained. When such, concentration distribution of the direction of a 
nozzle list of the dot which reached the target serves as homogeneity, as shown in drawing 18 (c). 
[0014] However, in fact, the slight difference produced at the time of recording head manufacture 
processes, such as a configuration of the delivery 1003 of a recording head 1000 and variation of the 
regurgitation heater 1002, affected the discharge quantity and the discharge direction of ink which 
are breathed out, consequently generated the concentration nonuniformity of an image, and was 
degrading image grace, p 

[0015] For example, if it prints using the recording head which has the nozzle 1007 which has 
dispersion (called depend) in an ink discharge direction as shown in drawing 19 (a), the white 
muscle which is looked at by drawing 19 (b) and which cannot fill area factor 100% periodically will 
be met and fomied in a head main scanning direction, and the black line to which the dot overlapped 
reverse beyond the need will occur. In this case, concentration distribution of the direction of a 
nozzle Ust of the dot which reached the target comes to be shown in drawing 19 R> 9 (c), 
[0016] Then, in order to solve such concentration nonuniformity, the multi-pass recording method 
shown in drawing 20 was adopted conventionally in many cases. A multi-pass recording method is 
printing n times by the data which set the amount of paper feeds to 1/n of a use nozzle, and were 
thinned out complementary in 1/n at the time of horizontal scanning, and 1 raster line is printed using 
the nozzle of plurality (n pieces). 

[0017] Drawing 20 shows the record result by the multi-pass recording method which used the 
recording head 1000 with the variation shown in above-mentioned drawing 19 (a). Drawing 20 (a) 
shows the starting position of three scans (scan) by the recording head 1000. In this case, the record 
section for four nozzles is completed with two scans, i.e., a two pass. 

[0018] That is, eight nozzles of a recording head 1006 are divided into two groups of the nozzle of 
four left, and the nozzle of four right, and what thinned out regular image data in abbreviation one 
half with one scan is recorded, and one group is that the group of another side embeds the dot of the 
image data of the remaining one half at the time of the 2nd scan, and completes printing of the record 
section for four nozzles. 

[0019] Since the effect of the record image on the variation in each nozzle proper will be reduced by 
half even if it uses a recording head with the variation in the regurgitation property for every nozzle 
as shown by drawing 19 R> 9 (a) if this multi-pass recording method is used, the recorded image 
comes to be shown in drawing 20 (b), and a black line and a white muscle stop being conspicuous. 
Therefore, concentration distribution of the direction of a nozzle list of the dot which reached the 
target comes to be shown in drawing 20 (c), and concentration nonuniformity is considerably eased 
compared with drawing 19 (c). 

[0020] Thus, according to multi-pass printing, the nonuniformity of the shade by the difference 
between the error of paper feed and the regurgitation property (discharge quantity, discharge 
direction) for every nozzle, the difference in the ink rate of absorption according to quality of paper 
further, etc. is canceled, and it becomes possible to raise image quality. 
[ 0021] 

[H^^^M(^^i^^^^l^tif§Thus, by the multi-pass printing method, while there is 
profitableness that image quality can be. improved, since the image of each Rhine must be formed by 
the scan of multiple times, printing time amount becomes long and it has the problem that a print 
speed falls. 
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[0022] Lggi^^^gjlutipn te^^^ recording device which loses tlje 

[oiSf^^"*^^^^^^ consideration of such a si^^ realizing high-speed printing. 

[Means for Solving the Problem] In order to cancel the above-mentioned trouble, in this invention, 
the recording head to which the ai^j^^pffi^tifiaiMatpi&ent^^^^^ gives the energy for making ink 

P"t side by side favg^^tj^iiiQigcij^ in, respectively is used. While 

putting^^l^^^i^idf and arranging said at lea^taggjgtMSfgaiSgaiSratio said each ink 

nozzle m the ink jet recording device which ttte ink breathed out from the ink nozzle of tiiese 
plurality is made to reach a record medium, and forms an image @E^i^jiU^j!]|iVjg:4jpn at 
least two energy generation components, and the energy generation component drive circuit which 
makes ink breathe out is prepared in the direction in which plurality differs from the ink nozzle 
concerned for every ink nozzle. X^fete^^feibiesUifedKchS^ 
y^!feS^^Y#ganti]9i2js-ca^ 

a diibliarge direction change means to make it change.at rfSi^^K o 
[0024] SSa energy generation component drive circuit can change a discharge d^i^jJi^biS^u^g , 
(j^P^^^gtign jnitiatiop^tin^ 

[0025] Moreover: said eigg^i^srgtatien^inpoiaen^ drive circuit can aho^^^g^^^i^^^ 
d^^^^pchangiggjj^eiipplied voltag§>^9jp;^(^i^„efgysgeneiation compoher^^ 

[0026] Moreover, said energy generation component drive circuit can also change a discharge 
direction by changing the resistance welding time of each energy generation component of the ink 
nozzle concerned. 
[0027] 

(Embodiment of the Invention] Hereafter, the operation gestalt of tiiis invention is explained with 
reference to an accompanying drawing. 

[0028] Drawing 1 shows the notional configuration of an ink jet recording device. 
[0029] In this ink jet recording apparatus, it is fixed to tiie endless belt 20 1 , and carriage 200 meets 
the guide shaft 202, and is movable. The endless belt 201 is wound around pulleys 203 and 204. The 
driving shaft of the carriage drive motor 205 is connected with the pulley 203. Therefore, carriage 
200 meets the guide shaft 202 and a scanning scan is carried out by the rotation drive of a motor 205 
m the both-way direction (the direction of A). On carriage 200, tiie ink tank IT as an ink container 
which contams tiie recording head 1 and ink in which two or more ink regurgitation nozzles were 
installed is carried. 

[0030] Two or more ink deliveries installed in the conveyance direction of Form P are formed in the 
field which counters with the form P as a record medium at the recording head 1. It is open for free 
passage to each of two or more of these deliveries, an ink way is established in a recording head 1, 
and the electric tfiermal-conversion object which generates the heat energy for the ink regurgitation 
is prepared i|i it corresponding to each ink way. An electiic thermal-conversion object generates 
heat, makes ink by this produce film boiling by impressing an electric pulse according to drive data, 
and makes ink breattie out from the above-mentioned delivery with generation of the air bubbles by 
the film boiling. The common liquid room which is open for free passage common to these is 
established in each ink way, and this common liquid room is connected to the ink tank IT. 
[003 1] Moreover, the linear encoder 206 is formed in this equipment for detecting the migration 
location of carriage etc. That is, the linear scale 207 has extended along tiie migration direction of 
carnage 200, and the slit is formed in this linear scale 207 by regular intervals, such as 600 etc! 
pieces, in 1 inch. On the other hand, the detection system 208 and digital disposal circuit of a slit 
which have a light-emitting part and a photo sensor are prepared in carriage 200. Therefore, from an 
encoder 206, the positional information of the regurgitation timing signal which shows ink 
regurgitation timing, and carriage is outputted as carriage 200 is moved. If tiie regurgitation of the 
ink is earned out for every slit detection, it will become possible to perform printing of die resolution 
of 600dpi to a main scanning direction. 

[0032] The detail paper P as. a record medium is intermittently conveyed in the direction oiF arrow- 
head B which intersects perpendicularly with the scanning direction of carriage 200. The lecoidiiig 
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paper P is pinched by the roller unit 209,210 of the pair of the upstream, and the roller unit 21 1,212 
of the pair of the downstream, and where fixed tension was impressed and the smoothness over a 
head 1 is secured, it is conveyed. The driving force to each roller unit is given by the form 
conveyance motor which is not illustrated in this case. 

[0033] A print is made by the whole form P, repeating the print of width of face and delivery of 
Form P corresponding to the array width of face of the delivery of a head by tums with migration of 
carriage 200 by such configuration. 

[0034] Carriage 200 stops at a home position if needed during the time of a recording start, or record. 
The cap member 213 which carries out capping of the regurgitation side side of each head is formed 
in this home position, ink is compulsorily attracted to this c^ member 213 from a delivery, and the 
suction recovery means (un-illustrating) for preventing the blinding of a delivery etc. is connected to 
it. 

[0035] Drawing 2 shows the example of a configuration of the control system of an ink jet recording 
device. 

[0036]^^^|^S^I$Gi|iS^^ etc. of eafi|ti.^paitidfia^i^^ if 

printing mformation is received fi^om host equipment. The processing program about various 
procediure is memorized by l^g^yM^^and RAM 102;is used for it as a work area in the case of the 
procedure activation etc. That is, CPU 100 processes the printing information received from host 
equipment using peripheral units, such as RAM 102, based on the control program memorized by 
ROMlOl , and performs processing of changing into printing data. 

[0037] Moreover, CPUlOO outputs the above-mentioned drive data, i.e., the printing data, and the 

?fe9^^@iil@l^i^ste^S:^ILSSMj©3!Sk^-f^^ Sfej^?9tiS thehead^driver 103. 

The5i^^)^^^^gt|)^n^ on the 

[0038] moreover — CPU — 100 — carriage ~ 200 ~ a round trip ~ migration — carrying out — 
making — a sake ^- carriage — a drive motor — 205 — and — record — a form ~ P — conveying — a 
sake — a form — conveyance — (~ PF —) — a motor — 104 — Motor Driver 105,106 — minding r- 
respectively — controlling . 

[0039] The positional information of a regurgitation timing signal and carriage is inputted into the 
head driver 103 fi"om the above-mentioned encoder 206. 

[0040] According to drawing 3 - drawing 9 , the 1st operation gestalt of this invention is explained 
below the [1st operation gestalt]. 

[0041] Drawing 3 shows the notional configuration about one ink nozzle 10 prepared in a recording 
head 1. Two or more such ink nozzles 10 are installed by the recording head 1. 
[0042] Two electric thermal-conversion objects (regurgitation heater) 3 and 4 are adjoined and 
formed in one ink nozzle 10 shown in drawing 3 , and each heaters 3 and 4 are driven with a separate 
driving signal. 

[0043] These two heaters 3 and 4 are put in order in the direction B of paper feed, i.e., the side-by- 
side installation direction of two or more nozzles 10. 5 is an ink delivery and 2 is an ink supply way 
to which the ink firom a common liquid room is led to a delivery 5. 
[0044] In addition, i^^^^^^^^pij^^^^idisGha^ 
stn^||g^^^l£gi|l|^ 
a ^^^^^^^^jg^gay^jyil^l^ 

puJbe^^^^^^^^^^^^^^S^^^^^fMI^^ 

[0046] First, as energization is first started by the heater 3, consequently it is shown in drawing 4 (a), 

the ink currently referring to the heater 3 is heated rapidly, and a bubble 6 (bubble) occurs. 

[0047] As energization is started by the heater 4, consequently it is shown in drawing 4 (b) below, a 

bubble 6 expands further and extrudes ink 7 in the direction of the ink delivery 5. 

[0048] Then, as shown in drawing 4 (c), an ink droplet 8 is breathed out in the direction of a dotted 

line fi-om a deUvery 5. 

. [0049] In this case, since it energizes previously at a heater 3 arid a bubble 6 occurs on a heater 3 
first, the force which pushes aside ink 7 on right-hand side a little occurs. After that, since the 
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regurgitation heater 4 is also energized, a bubble grows up to be an ununiformity and ink 7 is 
extruded in the direction of a delivery 5 with this uneven bubble, but as a dotted line shows ink in the 
case of the regurgitation, it inclines and flies in the heater side-by-side installation direction. 
[0050] Drawing S (a) - (c) shows various kinds of examples of an energization wave of two heaters 3 
and 4, and drawing 6 (a) - (c) shows the situation of the ideal ink regurgitation by these three 
energization waves, respectively. 

[005 1] That is, when a heater 3 energizes a few early from a heater 4, as are shown in drawing 5 (a), 
and it shows drawing 6 (a), the discharge direction of ink shifts to the right for a while. 
[0052] Moreover, since bubble (bubble) 6** will grow up to be homogeneity if energization 
initiation of a heater 3 and the heater 4 is carried out at coincidence as shown in drawing 5 (b), as 
shown in drawing 6 (b), straight flight of the ink is carried out in the direction of a continuous line. 
[0053] Moreover, if a heater 3 energizes somewhat later than a heater 4 as shown in drawing 5 (c), as 
shown in drawing 6 (c), the discharge direction of ink will shift to the left for a while. 
[0054] Thus, the discharge direction of ink. is controllable by shifting slight energization initiation 
timing of two regurgitation heaters 3 and 4. 

[0055] Below, drawing 7 is used and the situation of record using such an ink nozzle 10 is explained. 
In drawing 7 , two or more ink nozzles 10 mentioned above are put side by side to the recording 
head 1 of an ink jet recording device. In this case, a nozzle is made into eight pieces for convenience. 
.8 is the ink droplet breathed out by the nozzle 10. A recording head 1 is scanned in the list .and the 
direction of a right angle (direction perpendicular to space) of a nozzle 10. 

[0056] In this case, 4 dots of the amount of main scanning directions which show the ink discharge 
direction about the nozzle 10 of these plurality to drawing 7 (a) - (d) are made to change at randoni 
as one period. 

[0057] Namely, record of 1 dot of main scanning directions is performed with a discharge direction 
as first shown in drawing 7 (a). Record of 1 dot of main scaiming directions is performed with a 
discharge direction as shows the discharge direction of each ink nozzle 10 below to drawing 7 (b) 
changed at random. Record of 1 dot of main scanning directions is performed with a discharge 
direction as shows the discharge direction of each ink nozzle 10 below to drawing 7 (c) changed at 
random. Record of 1 dot of main scanning directions is performed with a discharge direction as 
shows the discharge direction of each ink nozzle 10 below to drawing 7 (c) changed at random. And 
record of Rhine of the width of face corresponding to two or more parts for a nozzle is performiBd by 
repeating the record which made one period a part for 4 dots of these main scanning directions. . 
[0058] Drawing 7 (e) shows the image formed as mentioned above, and drawing 7 (f) is 
concentration distribution of the direction of a nozzle list of the dot about this image which reached 
the target. 

[0059] Since the knot for every scan also becomes random while according to such a recording 
method the impact area of ink will shift at random, will be printed within the limits of predetermined 
and being able to ease a muscle and spots by this, a bond muscle can also be mitigated and high- 
definition image formation becomes possible. Moreover, since two or more scans are not performed 
to one line like a multi-pass method, a print speed also goes up. 

[0060] Below, drawing 8 shows the example of concrete circuitry of the heater drive circuit for 
changing at random the energization initiation timing about two heaters 3 and 4 of one ink nozzle 10 
mentioned above. Drawing 9 is a timing diagram which shows the various signals iised in the circuit 
of drawing 8 . 

[0061] The circuit shown in this drawing 8 is incorporated in the head driver 103 shown in drawing 
2. . 
[0062] Twai«atei«-3«attd4«aceau^ 

[0063] In this heater drive circuit, the heater driving pulse signal DP for [ as usual / one ] carrying 
out a heater drive is outputted from a single-shot trigger circuit 25. The signal which specifies the 
pulse width of the heater driving piilse signal DP outputted from the printing data DT in which 
turning on and off of the dot concemed is shown, and the heat pulse width setting circuit 26, and the 
regurgitation timing signal from the encoder 206 mentioned above are inputted into the single-shot 
trigger circuit 25, and a single-shot trigger circuit 25 outputs the heater driving pulse signal DP of the 
predetermined pulse width for recording the dot concerned, and a frequency (refer to drawing 9 (a)) 
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based on these input signals. 

[0064] This heater driving pulse signal DP is a signal for carrying out the on-ofF drive of the one 
heater about one ink nozzle as usual, and is making two driving pulse signals DP3 and DP4 
( drawing 9 (i), (j)) which the energization initiation timing for driving two heaters 3 and a 
heater 4 shifted by the circuitry of the following newly prepared in from a single-shot trigger circuit 
25 before FET 20 and 2 1 . 

[0065] The heater driving pulse signal DP outputted from a single-shot trigger circuit 25 is inputted 
into the data terminal of two steps of D type flip-flops (it is called Following FF) 27. The clock 
signal ck (refer to drawing 9 (b)) of 2Mhz(es) is inputted into the clock terminal of these two steps of 
FFs27and28. 

[0066] Therefore, the heater driving pulse signal DP will be latched to the timing which shifted to 
FFs 27 and 28 by one clock, and the pulse signals DPI and DP2 from which it started from FFs 27 
and 28 only for 500ns (l/2MHz), and timing shifted as a result will be outputted (refer to drawing 9 
(c)and(d)). 

[0067] Selection distribution are carried out at random and it is made to input into two FET 20 and 
21 by the circuitry which explains these two pulse signals DPI and DP2 below. 
[0068] The random-number-generation circuits 30 and 31 generate the 1-bit random numbers RNDl 
and RND2, respectively (refer to drawing 9 (e) and (g)). These random-numbers outputs RNDl and 
RND2 are latched by FFs 32 and 33 to the start timing of the heater driving pulse signal DP, and are 
outputted as select signals Rl and R2 (refer to drawing 9 (f) and (h)). 

[0069] The selection circuit 40 is constituted by two or more gate circuits. With the combination of 
"H" "L" of select signals Rl and R2 The selection distribution of the two pulse signals DPI and DP2 
are carried out, it operates so that it may output to two FET 20 and 21 as the driving pulse signal DP 
3 for heater 3 drive, and a driving pulse signal DP 4 for heater 4 drive, and the actuation is as 
follows. 

[0070] Condition (a) - It is R1="H", and when R2 is "L", a signal DP 1 is chosen as DP3, a signal 
DP 2 is chosen as DP4, and a heater 4 is driven with the signal DP 2 with energization timing drive a 
heater 3 with the early signal DP 1 of energization timing, and late. 

[0071] Condition (b) - When R2 is "H", regardless of Rl, a signal DP 1 is chosen as DP3 and DP4, 
and heaters 3 and 4 are driven with a signal DP 1 . 

[0072] Condition (c) - It is Rl= "L", and when R2 is "L", a signal DP 2 is chosen as DP3, a signal 
DP 1 is chosen as DP4, and a heater 4 is driven with the signal DP 1 with energization timing drive a 
heater 3 with the late signal DP 2 of energization timing, and early. 

[0073] Thus, by generating a 1-bit random number and changing the energization initiation timing of 
two heaters 3 and 4 from the random-number-generation circuits 30 and 31 with this random number 
in the above-mentioned operation gestalt Since the ink discharge direction of two or more nozzles 
witti which the recording head 1 was equipped is changed intentionally at random for every dot of a 
main scanning direction, the record image of the same image quality as a multi-pass can be obtained 
substantially, without performing multi-pass printing. 

[0074] In addition, the periods to which a discharge direction is changed are arbitration, such as not 
only a 1-dot unit but a 2-dot imit, an a large number dot unit, 1 raster line unit, etc. 
[0075] The [2nd operation gestalt] Below, the 2nd operation gestalt of this invention is explained 
according to drawing 10 - drawing 12 . 

[0076] With this 2nd operation gestalt, as shown in drawiiig 10 , the discharge direction is changed 
within the specified quantity by impressing electrical potential differences V3 and V4 different, 
respectively to two heaters 3 and 4. . 

[0077] If it energizes by V3>V4 as shown in drawing 10 (a), as previous drawing 6 (a) showed, the 
discharge direction of ink will shift to the right for a while. . 

[0078] Moreover, if it energizes by V3=V4 as shown in drawing 10 (b), as previous drawing 6 (b) 
showed, and the continuous line showed, straight flight of tfie ink will be carried out. 
[0079] Moreover, if it energizes by V4>V3 as shown in drawing 10 (c), as previous drawing 6 (c) 
showed, a little discharge direction of ink will shift to the left. ■ 

[0080] Thus, the discharge direction of ink is controllable by changing the electrical potential 
difference impressed to two regurgitation heaters 3 and 4. 
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[0081] Below, drawing 1 1 shows the example of concrete circuitry of the heater drive circuit for 
changing at random the applied voltage about two heaters 3 and 4 of one ink nozzle 10 mentioned 
above. Drawing 12 is a timing diagram which shows the various signals used in the circuit of 
drawing 1 1 . 

[0082] ^j|jfg|ffi^^i^e^£t^ 25 The signal Hvtiich: specifies 

£^g^eat€y;dri^ in which 

|»£^^&e 4ot and the heat pulse width settmg circuit 26, The 

re]^£^^^^^mHgjsi@D^ 
trigjg^^^^^^|^:gii^^ DP oif the predeteimined pulse width for 

r6^^^^^|he^Qtt :^ a frequency (refer to.. dray^ng 1 2 (a)) based^^bn'fliese input signals. 

rA>i«H^^* ' j^er^invmgj)^ DE.is a signS^^F^^ out the oii^fF drive of the one 



vheapr^^^^^^^.^^^^ of this heater driving pulse signal DP is 

cam^ but at the gate terminal bf FET 20 and 21 which timis each hbatere^^^ dn-and off. That - 

is;:l!ET^2^ is turned on and off by the heater driving pulse signal DP^- 

[OOM] ine random-number-generation circuits 30 and 31 generate the 1-bit random numbers RNDl 
and RND2 like the above, respectively (refer to drawing 12 (b) and (d)). These random-numbers 
outputs RNDl and RND2 are latched by FFs 34 and 35 to the start timing of the heater driving pulse 
signal DP, and are outputted as select signals Rl and R2 (refer to drawing 1212 (c) and (e)). 
[0085] A select signal Rl is inputted into the input data terminal DO of the programmable power 
circuit 36 through an inverter 38, and is inputted into the input data terminal DO of the programmable 
power circuit 37. The select signal R2 is inputted into the input data terminal Dl of the 
programmable power circuits 36 and 37. The programmable power circuits 36 and 37 lower the 
pressure of the input power electrical potential difference Vhh according to the condition of "H" "L" 
of the data input terminals DO and Dl of being inputted into select signals Rl and R2 they to be 
[ three any of different electrical-potential-difference Vh+, Vh, and Vh- ], and are outputted. It is 
Vhh>Vh+>Vh>Vh-, for example, is referred. to as Vhh=12v, Vh+=10.2v, Vh=10.1v, and Vh-=10,0v. 

[0086] The programmable power circuits 36 and 37 operate as follows. 

[0087] By input data terminal D0= "L", it becomes output voltage VO=Vh- at the time of Dl= "L." 
[0088] By input data terminal DO="H", it becomes output voltage VO=Vh+ at the time of Dl= "L." 
[0089] At the time of input data terminal D1="H", it is set to output voltage VO=Vh regardless of 
Pl. 

[0090] The output voltage V3 and V4 of the programmable power circuits 36 and 37 is connected to 
the drain terminal of FET through heaters 3 and 4, respectively. 

[0091] Therefore, according to select signals Rl and R2, the applied voltage V3 and V4 of heaters 3 
and 4 changes as follows (refer to drawing 12 (Q - (i)). 

Condition (a) — When R2 is "L" in R1="H", electrical-potential-difference Vh+ is impressed to a 

heater 3, and electrical-potential-difference Vh- is impressed to a heater 4. 

[0092] Condition (b) - When R2 is "H" in R1="H", an electrical potential difference Vh is 

impressed to a heater 3, and an electrical potential difference Vh is impressed to a heater 4. 

[0093] Condition (c) - When R2 is "L" in Rl= "L", electrical-potential-difference Vh- is impressed 

to a heater 3, and electrical-potential-difference Vh-H is impressed to a heater 4. 

[0094] In this operation gestalt, from the random-nmnber-generation circuits 30 and 31 thus, by 

generating a 1-bit random number and changing the applied voltage of two heaters 3 and 4 driven to 

coincidence based on this random number Since the ink discharge direction of two or more nozzles 

with which the recording head I was equipped is changed intentionally at random for every dot of a 

main scanning direction, the record image of the same image quality as a multi-pass can be obtained 

substantially, without performing multi-pass printing. 

[0095] The [3rd operation gestalt] Belov/, the 3rd operation gestalt of this invention is explained 
according to drawing 13 - drawing 15 . 

[0096] preparing the quiescent time (OFF time amount) iri the energization pulse added to two 
heaters 3 and 4 with this 3rd operation gestalt, as shown in drawing 1 3 — 2 — the resistance welding 
time of these heaters 3 and 4 iis changed, and, thereby, the discharge direction of ink is changed 
within the specified quantity. 
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[0097] If the hits of the energization are carried out while energizing one heater 4 as shown in 
drawing 13 (a), since growth of a bubble became large from the heater 4 side, as the direction of a 
heater 3 side showed by previous drawing 6 (a), the discharge direction of ink will shift to the right 
for a while. 

[0098] Moreover, if the resistance welding time is made the same as shown in drawing 13 (b),,as 
previous drawing 6 (b) showed, and the continuous line showed, straight flight of the ink will be 
carried out. 

[0099] Moreover, if the hits of the energization are carried out while energizing one heater 3 as 
shown in drawing 13 (c), since growth of a bubble became large, as the heater 4 side showed by 
previous drawing 6 (c) from the heater 3 side, a little discharge direction of ink will shift to the left. 
[0100] Thus, the discharge direction of ink is controllable by changing the resistance welding time of 
two regurgitation heaters 3 and 4 by hits. 

[0101] Below, drawing 14 shows the example of concrete circuitry of the heater drive circuit for 
changing at random the resistance welding time about two heaters 3 and 4 of one ink nozzle 10 
mentioned above. Drawing IS is a timing diagram which shows the various signals used in the 
circuit of drawing 14 . 

[0102] Also in this heater drive circuit to a single-shot trigger circuit 25 The signal which specifies 
the pulse width of the heater driving pulse signal DP outputted from the printing data DT in which 
turning on and off of the dot concerned is shown, and the heat pulse width setting circuit 26, The 
regurgitation timing signal from the encoder 206 mentioned above is inputted, and a single-shot 
trigger circuit 25 outputs the heater driving pulse signal DP of the predetermined pulse width for 
recording the dot concerned, and a frequency (refer to drawing 15 (a)) based on these input signals. 
[0103] This heater driving pulse signal DP is a signal for carrying out the on-off drive of the one 
heater about one ink nozzle as usual, and is making two driving pulse signals DP3 and DP4 
( drawing 15 (j), (k)) from which the resistance welding time for driving two heaters 3 and a heater 4 
differs by the circuitry of the following newly prepared in from a single-shot trigger circuit 25 before 
FET20and21. 

[0104] The heater driving pulse signal DP outputted from a single-shot trigger circuit 25 is inputted 
into the data terminal of FF27. The clock signal ck (refer to drawing 15 (b)) of 2Mhz(es) is inputted 
into the clock terminal of three steps of FFs 27,- 28, and 29. 

[0105] therefore ~ a heater— a driving pulse - a signal -- DP - FF - 27 - 28 - 29 ~ one ~ a clock 
period — a part ~ haying shifted — timing — latching — having — ******** — consequent — FF — 27 
~ 28 - and — 29 — from — 500 — ns (l/2MHz) — only — starting ~ timing - having shifted t- a pulse 
signal - DP ~ one — DP - two ~ and — DP — two - ' ~ outputting — having — ******** (refer to 
drawing 9 (c), (d), and (e)) . 

[0106] The random-number-generation circuits 30 and 31 generate the 1-bit random nunabers RNDl 
and RND2, respectively (refer to drawing 9 (f) and (h)). These random-numbers outputs RNDl and 
RND2 are latched by FFs 32 and 33 to the start timing of the heater driving pulse signal DP, and are 
outputted as select signals Rl and R2 (refer to drawing 9 (g) and (i)). 

[0107] AND gate 47 takes the AND of the output pulse signal DP 1 of FF27, and the output of a 
logic gate 45, and outputs the driving pulse signal DP 3 of a heater 3. AND gate 48 takes the AND of 
the output pulse signal DP 1 of FF27, and the output of a logic gate 46, arid outputs the driving pulse 
signal DP 4 of a heater 4. 

[0108] That is, although AND gates 47 and 48 output fimdamentally the driving pulse signals DP3 
and DP4 whose output pulse signals DP 1, its timing, and periods of FF27 correspond, it is 
controlled by the output of the logic gates 45 and 46 inputted into the input terminal of another side 
whether the pulse signal in which the momentary energization quiescent time in the middle of the 
driving pulse mentioned above (off time amount) was. included outputs. 

[0109] The output DP 2 of select signals 28 and FF [ Rl, R2, and ] 29 and DP2' are inputted into 
logic gates 45 and 46. 

[0110] The driving pulse signals DP3 and DP4 of heaters 3 and 4 are as follows according to the 
condition of select signals Rl and R2 (refer to drawing 15 (j) and (k)). 

[01 11] Condition (a) It is R1="H", and when R2 is "L", the driving pulse signal DP 1 is outputted 
to DP3 as it is. Moreover, the driving pulse signal DP 1 with which DP2 becomes off only when 
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DP2* is "L" in "H" is outputted to DP4. Therefore, as for a heater 3, compared with a heater 4, that 
resistance welding time becomes long in this case. 

[01 12] Condition (b) - When R2 is "H", regardless of Rl , a signal DP 1 is chosen as DP3 and DP4 
as it is. Consequently, heaters 3 and 4 are driven by the equal resistance welding time. 
[01 13] Condition (c) ^- The driving pulse signal DP 1 v/ith which it is Rl= "L", and DP2 becomes 
off only when DP2' is "L" by "H" at bP3 when R2 is "L" is outputted. Moreover, the driving pulse 
signal DP 1 is outputted to DP4 as it is. Therefore, as for a heater 3, compared with a heater 4, that 
resistance welding time becomes short in this case. 

[dVM'P^us, by generating a 1-bit random number and changing the resistance welding time of two 
heaters 3 and 4 from the random-number-generation circuits 30 and 3 1 with this random number in 
the above-mentioned operation gestalt Since the ink discharge direction of two or more nozzles with 
which the recording head 1 was equipped is changed intentionally at random for every dot of a main 
scanning direction, the record image of the same image quality as a multi-pass can be obtained 
substantially, without performing multi-pass printing. 

[01 15] In addition, although an idle period is prepared the nliddle and the resistance welding time of 
two heaters 3 and 4 is changed with this 3rd operation gestalt, you may make it change the resistance 
welding tiine of two heaters 3 and 4 by changing the pulse width of the driving pulses DP3 and DP4 
which drive two heaters 3 and 4 itself 

[0116] by the way, above-mentioned the 1- although it was made to change the discharge direction 
of ink with the 3rd operation gestalt, the direction, i.e., form conyeyance direction, in which a nozzle 
is installed side by side, the side-by-side installation direction of two heaters is changed with the 
above-mentioned operation gestalt 90 degrees, and you may make it change the discharge direction 
of ink about the main scanning direction where carriage is scanned 

[01 17] Moreover, in each above-mentioned operation gestalt, although two heaters were formed in 
one ink nozzle, it is good also so that three or more heaters may be formed in one ink nozzle and the 
discharge direction of ink may be changed by energization control of the heater of these plurality. 
[01 18] Furthermore, in each above-riientioned operation gestalt, the periods to which a discharge 
direction is changed are arbitration, such as not only a 1-dot unit but a 2-dot unit, an a large number 
dot unit, 1 raster line unit, etc. Moreover, the period to which a discharge direction is changed may 
be made [ at random, i.e., irregular, and ] like the above-mentioned operation gestalt. 
[0119] (in addition to this) In addition, especially this invention is equipped with means (for 
example, an electric thermal-conversion object, a laser beam, etc.) to generate heat energy as energy 
used also in an Inkjet recording method iii order to make the ink regurgitation perform, and brings 
about the effectiveness which was excellent in the recording head of the method which makes the 
change of state of ink occur with said heat energy, and the recording device! It is because the 
densification of record and highly minute-ization can be attained according to this method. 
[0120] About the typical. configuration and typical principle, what is performed using the 
fundamental principle currently indicated by the specification and the 

l^^gyg^ecification, for example is desirable. Although this method is appUcable to both the so- 
clS^^ltnold on demand and a continuous system On the. electric thermal-conversion object which is 
especially arranged corresponding to the sheet and liquid route where the liquid (ink) is held in the 
case of the mold on demand By impressing at least one driving signal which gives the rapid 
temperature rise which supports recording information and exceeds nucleate boiling Since make an 
electric thermal-conversion object generate heat energy, the heat operating surface of a recording 
head is made to produce film boiling and the air bubbles in the liquid (ink) corresponding to this 
driving signal can be formed by one to one as a result, it is effective. A liquid (ink) is made to 
breathe out through opening for regurgitation by growth of these air bubbles, and contraction, and at 
least one drop is formed. If this driving signal is made into the shape of a pulse form, since growth 
contraction of air bubbles will be performed appropriately instancy, the regurgitation of a liquid (ink) 
excellent in especially responsibility can be attained, and it is more desirable. As a driving signal of 
the sihape of this pulse form, what is indicated by the WS^.at^QM46S^'k59 specification and the 
fg[^^i^:jl^$pecificationis suitable. In addition, if the conditions indicated by the U.S. Pat. No. 
^^3124 specification of invention about the rate of a temperature rise of die aibove-rmehtioned heat 
operating surface are adopted, fiuther excellent record can be performed. . 
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[0121] As a configuration of a recording head, the configuration using the U.S. Pat. No. ^^S3t2^ 
specification and U.S. Pat. No^^^^gi^fl«pecification which indicate the configuration arranged to 
the field to which the heat ope^Kori section other than the combination configuration (a straight- 
line-like liquid flow channel or right-angle liquid flow channel) of a delivery which is indicated by 
each above-mentioned specification, a liquid route, and an electric thermal-conversion object is 
crooked is also included in this invention. In addition, the effectiveness of this invention is effective 
also as a configuration based on which indicates the configuration whose puncturing 

which absorbs the press\u-e wave o{JR^^}3^^^yA which indicates the configuration which uses a 
common slit .as the discharge part of an jelectric thermal-conversion object to two or more electric 
thermal-conversion objects, or heat enefgy is made to correspond to a discharge part Namely, no 
matter the gestalt of a recording head may be what thing, it is because it can record now efficiently 
certainly according to this invention. 

[0122] Furthermore, this invention is effectively applicable also to the recording head of the full line 
type which has the die length corresponding to the maximum width of the record medium which can 
record a recording device. As such a recording head, any of the configuration which fills the die 
length with the combination of two or more recording heads, and the configuration as one recording 
head foraied in one are sufficient. 

[0123] In addition, this invention is effective also when the thing of a serial type like an upper 
example also uses the recording head fixed to the body of eiquipment, the recording head 
exchangeable chip type to which the electric connection with the body of equipment and supply of 
the ink fi*om the body of equipment are attained by the body of equipment being equipped, or the 
recording head of the cartridge type with which the ink tank was formed in the recording head itself 
in one. 

[0124] Moreover, as a configuration of the recording device of this invention, since the effectiveness 
of this invention can be stabilized further, it is desirable to add the regurgitation recovery means of a 
recording head, a preliminary auxiliary means, etc. If these are mentioned concretely, a preheating 
means to heat using the capping means, the cleaning means, the pressurization or the suction means, 
the electric thermal-conversion object, the heating elements different from this, or such combination 
over a recording head, and a reserve regurgitation means to perform the regurgitation different fi-om 
record can be mentioned. 

[0125] Moreover, although only one piece was prepared also about the clasis thru/or the number of a 
recording head carried, for example corresponding to monochromatic ink, corresponding to two or 
more ink which differs in an others and record color or concentration, more than one may be 
prepared the number of pieces. That is, although not only the recording mode of only mainstream 
colors, such as black, but a recording head may be constituted in one as a recording mode of a 
recording device or the paddle gap by two or more combination is sufficient, for example, this 
invention is very effective also in equipment equipped with at least one of each of the fiill color 
recording mode by the double color color of a different color, or color mixture. 
[0126] Furthermore, in addition, in this invention example explained above, although ink is 
explaiiied as a liquid It is ink solidified less than [ a room temperature or it ], and what is softened or 
liquefied at a room temperature may be used. Or by the ink jet method, since what carries out 
temperature control is common as a temperature control is performed for ink itself within the limits 
of 30 degrees C or more 70 degrees C or less and it is in the stabilization regurgitation range about 
the viscosity of ink, ink may use what makes the shape of liquid at the time of use record signal 
grant. In addition, in order to prevent the temperature up by heat energy positively because you make 
it use it as energy of the change of state firom a solid condition to the liquid condition of ink, or in 
order to prevent evaporation of ink, the ink which solidifies in the state of neglect and is liquefied 
with heating may be used. Anyway, ink liquefies by grant according to the record signal of heat 
energy, and this invention can be applied also when using the ink of the property which will not be 
liquefied without grant of heat energy, such as that by which liquefied ink is breathed out, and a 
thing which it already begins to solidify when reaching a record medium. The ink in such a case is 
good for a porosity sheet crevice or a through tube which is indicated by JP,54-56847,A or JP,60- 
71260,A also as liquefied or a gestalt which counters to an electric thermal-conversion object in the 
condition of having been held as a solid. In this invention, the most effective thing performs the film- 
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boiling method mentioned above to each ink mentioned above. 

[0127] Furthermore, in addition, as a gestalt of the ink jet recording device of this invention, 
although used as an image printing terminal of information management systems, such as a 
computer, the gestalt of the reproducing imit combined with others^ a reader, etc. and the facsimile 
apparatus which has a transceiver function further may be taken. 
[0128] 

[Effect of the Invention] The muscle of a scanning direction, and the spots or the knot muscle for 
every scan which a nozzle gets twisted and is generated by the variation in ** ink discharge quantity 
can be abolished without reducing printing speed according to this invention, since he is trying to 
change the ink discharge direction of each ink nozzle intentionally at random as explained above. 



[Translation done.] 
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A^ti01 9(c) tJf^T. *>=3rO^W$ix&. 
[00201 ^coi: o \iz. v/U-f-^N-xep^tc itttf . 

iXOco^, yX;i^cooi:m#i4 (ttsui, ca:ai:firt«n) 
^zS^.hmmJ^'y^mmx.X. H«Ji,«S-iai±S-ti:4.c 
[002 11 

^xi,±. mmi<r>i^x^'7 4><mu^m^L^j:<x 

[00221 ^<05|Hjii^(Ocl: 7^:»ffiSr#iiU-C=6r$ 

X >y hiaiiJia$:«tt-ri. c: t ^tmmmt -rs. 

[00231 

[g|ia«:JK9l-rs/iy><!0#Sl ±iasi®^5:j|?^H'r5;t 

sixfc-f y'if jX)VimmmLLtiW^'y HS-ffl 

v^, ^fl'is^iiiO'f >'^yX;I^>(i>iy:ai$a/i'f ^'^J: 
ie»M*(c«5i$-li-CB^^jeB£-r«.-^ ^9 i^'x -y 

?&^^^Srii'^^< 1 1> 2^0fi£LTSS^S 1 1 ttc. 

s^-f y^'yx/k*»4>^<oM=SfS^ri6it3-f v^^s-Btai 

S-»*-Sx;^/Udf-f6^^^fH^|BigftS:«.>f y ^ y Xyu« 

ic^tt, B?K«aox^.;p4f-%;t^^Fffii6iiiSSt:J:-^ 
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.10 0 2 4] ma^i^iu^-m.m'mmmmi. 
[ 0 0 2 5 ] mi:c^-/\^^-^m'fmbm^ 

1 0 0 2 6 1 S l5fSx^^;P^-j^^^=lga»IIlS8 
[00 2 7] 

[ 0 0 2 a ] 0 Iti-fVi? i^'x -y Meak5ia<0«fct:Wfil 

10 0 2 9] ZCO-( >^ i^'x y hieil^atCteV%-C. 
-V l> -y 2 0 0 «*E^'<;l^ h 2 01 
Hi^A'7h202{=-eoT8;i&^«|lC^ro-Ct^S. *!EJg 
'<7Uh 2 0 l«r— U 2 0 3tJ J:l/2 O 4fc:^i[Hl$ixT 
r-'J2 0 3(C«4f-vU yi'lEi6t-^2 0 SCO 

wmmi)^'m&^ivc\^h. x^t^.t^-^x. ^A''j-y>''2o 

Oti, *-:5'20 5«0|l]|EIBi&lCj:->TXr'f Hi^^7h 
2 0 2tC-e-aTttm*|ftl (A:6-r6|) fcXdfA'V^^tl. 
■5). ^-\'i; y^^2 0 0±tw«. W^<r>AV'?X^'^/XtV 
**MIS$iX3tie^'^ y H 1 1> J:t/f-< y9 SrlRSWS >' 

[0030] lEMi^-y H 1 ICW, i2«i«J«:i: LTOfflffi. 

mr>^ v:f^^uim^^ixxy.^h. lanK y k i \z 
m>s^ti,tx,^ ^K^K<n^v9mzn^\^x. ^ryr^tt 

yNVUXAiqjUDSixS i; J: oT^S-^^L. Z.1x\,zi. 

itx\^h. ' " - 

10 0 3 1] ^icoJIStcti, u ^-J<mm^ 

aSr«iaj-rS^ir<0;ta6tc'Jr^Tx^3-^^2 0 6*^ 

fc»^T»J-TX->--;P2 0 73&«@ttl>Tij*). w<OU 
^TX^r_/U2 0 7 {Cti 1 W y^Stc 6 0 Oii^ri; Ol? 
^PiTXU y h*^J^^$ixrv%?.. ^-\'li 'y2;^2 



'J -y h<0^ai^2 0 8*3 J:t/S^«raislSS*«Ktt'?><xT 
y.^h. U/i*^or, x>'3-^<2 0 6*>^,«. =^E-vU y 
>''2 0 0j5)*Sfi&?nStcS!^T. -iv^^^^A^vy 

i^s^rsjtce 0 0 d p i coMiaKiogiBiis-iitTt- s.r 

[0032] mm^b \^x(nmm.^\t. ^a- u y 
2 0 0 iox =»f + t B35-r s B :frr6i \.zm:.mz 

IB^PtiJia[0l!KO-«<OO-9i- y h 
2 0 9. 2 1 0 i: . TSSfi<7)^*tOn-7^--y h 2 1 
1 . 2 1 2 tic J: 06^j^$*t. -'&<m^^mVi^ti.X 

^u-^:i.- -,Y{izn-thWm-y)\.i. cco^&ia^L^: 

[00 33] vLOJ:9^:«fi£tc:J;oT. ^■v'J yi^'20 

ffip^mcr 'J > . 

( 0 0 3 4 ] ^+ 'J y S>'2 0 Ot±. iBilP{t&«fi jttiffi 

jj;— A;Ki^i^3>'(ClJ, ^'s.-y h'<OD±aimfflfl$:^r -yt 
>':J*'-f-*=¥A"y7^«2 1 3*^{t^>n. ^CO^^ yT* 

ttaiDcoaiSi o;&ii&it-r-s=s:i:-«/iy>t7)®?iiii«¥gi 

(^^) i^W^^in.X\\h. 

( 0 0 3 5 ] S2«. V^' i/x y Me^11«0j(|ffll^ 
[ 0 0 3 6 ] C P U 1 0 0{±, it^X hgi:*»^>W*ff$S 

mf-r&. ROM 1 0 1 izii. ^mm^nmm-r^!^^: 
arD^^A*>ieii$ft. RAiw i o 2ti'?-co5os¥JiM 

lltft^lSoy-^xyT:^^'^ LTffli^4>ixS. "^=5:^5 

c pu 1 0 oti. ROM 10 1 ^^ffiti$^^rv^s©I 

^S-RAM 1 0 2^i:O^3ai- y h^rfflV^TJJSIU, 

[0037] ttz. CPUl 0 0«. ±iet3t«^l?!^ 

^Jr'^ y HH^'fV'vl 0 3l;ill:;>3^4. 'v. y Hh'^-fv'N' 
1 0 3«A:*3$a>tl|BiSx-:J't=;ScJV^Tie»^ y H 1 

[0 0 38] *3t, CPU 1 0 Q«. df^.'J •yi^2 0 0 
^mmW]$■^i>tltb&)^^r V -y 2 0 5*J 

J:mmm^pimk-t^fzif>cr,mmm ( p f > ^- 

^'1045:, 5E:-^'K7-fVN-i0 5, 1065r^^LT^ 
[ 0 0 3 9 ] ^ y K K^-f >'N'l 0 3lC{i±iax>-3-^< 
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(00401 i^immm'iaT.m3-^9izLti 

10 0 4 1] mSimB^-y H 1 {izmfi=>tli> 1 0<0>f 

-5.. Sm^-/ H 1 tcti. z<^id^^ y^yxivi Oifi 

1004 21 S3 (c:^n-riom>':5'yXyn Oicti. 
2<a<7)mSUS^«= (ttat-^) 3. 4*q§!S«L-C^ 
^ihix. =frh-:J'3. 4«giJ<H<7)igB<i-^icj:-,TS[i& 

1004 31 C:fl^>2o(Ot-:J'3. 4 1±, »6M 9:^1*1 
■r^i3*>«a<0/ X;H 0 oa^*-I«a B (CM-^ ^>HT V ^ 
4. 5«>f>'^'ttajPT*>»3, 2»i*ii?K^*»i5>0'f V 

[0 044 1^*,. ^<0%g-t±, b-^'BtcMLT-f y 

Ytm^TpLtiifi.. y^-^miizn\.x^ y^msk<r>v±'Ai 

[00451 vKOm 1 <05©K5J^®tC*JV^Tti. b- 5' 

10 0461 t-r. m)i,z\z—sf3izmmjmi^^ix. 

Cicoe*, 04 (a) ic^-rJ;otc, b-^'StcMix-c 
•th. 

1 0 0 47 1 -:>rfc:, b-rJ' 4 fc:a^**l8*&$ix. Cko 

04 (b) tC^^-rAdfc. VN*:/;l^6*«SfclSJ3g 

[00481 ^-cOf*. 04 ( c ) fc^Jfc d fc. ttaSD 

[00491 C:<0%^tCl±. b-;J' 3lc$fetcaig§n, 
fi^?J^^b-^'3±fc:>'^':/;^63!>^%^■r?>0■C. y;?' 7 

*^-=5:}filcJ:-:)t:ta:aiP5<o:fr|pI(c;'f yi> 73&>'l¥Uai$ 

m:)imz^^fixmm^ft^. 

[0050105 (a)~(c)«, 2ll<0b-:f3. 
4<Oji^»g^=g-«<^)09S:^i-t<O-C, 06 (a) ~ 
( c ) tiCit^ 3ocDii®S0tcJ:Sa3Bfi<p5r>f y;?.nt 

[00511 -r^Sfi^*.. 05(a) {Ztt^-TX d tc. b- 
(00521 iJt, 05 (b) fcr^iolc, b-^'3 

tsxx/\i—f4ifimmzmmmitb^tiht. ^^y/u 

(iS) 6. **%-tc«ftLt- SOT, 06 (b) tc^-r 



[00531 tJt, 05 (c) b-:J'3 
*Jb-:74J:0. iJ-^LJKamsn^t, 06 (c)lz 

[0 0 54 1 CKOiolC. 2(l«Oiy:aib-:5' — 3. 4c7) 

[ 0 0 5 5 1 O^^'tC, 07$rffll-^r. CKOia^'f ^'r? 
yXyH OSrfflV^Acieiico^^tcov^TlttBfl-rS. 07 

C:<7)ii-&< fiElLh. yX;Wi8<ii:^-&, 8H. y 

xyn oizx-iX^^^titz-i y:^mx»>i>. le^ y 
H i«. yxyn o<»3Mtxtii^:fri6i (8Effi(=«a::5::^r 

[ 0 0 5 6 1 cioJ^W. c:n^>«ia^oyx/n oico 

V^-Ct7)>f >^^iitai*|6l$r. 07 (a) ~ (d) tcipf . 

[00571 f ^i^^. t.'fmi ( a ) tc^n-r J: 9^tt 

tc^>f yXiH 0«i4a5:fiT6l^7>'yA(;^-fkS-tf: 
fzmi (b) ic^-rJ:-?^iy:ai:firi6]^t,oT±^c:&i6i 
1 b' y h<?3ffi«iSrfi=vv >'^'yX;n OOtt 

aj*r6i5:7>'^^At^^l:$Hi:7t:07 (c) (c^n-Tia^r 

rtc*^ y y X;H 0 <?3Rta:fir|ii] S: 5 A(cS^^b.S 
•fr3t07 Cc) \iZjfCtiio^j:^^-n^t:i»^X^E^^ 
Ifijl K -y hcolBiiSrffd. -fLT, oix<^±^:^ritiI4 

[0058107 ( e ) (i. iieoj; o I.Z LXm^^tX. 
SM«$r^p-rtco-c*)0. 07 ( f ) i,i:icnmmzmL 
X<7)m^^tlfc H •y><9/X/WMt/^:^f6lcOj8jS^J-^tjTi5 

[00591 ClOJ: d ^ie^:^r^lc iiitf . ^ 

fc^r 0 . C: iitc J: '9«S-«?»W*««I*]T# S i: i: t tc. ^ 

[G06oio#-(c, m8t,i±M\^fzi^<r>^,y9 yx 

;H Oc02^cOb— :J'3. 4(z;ov^T<0iM^^'-f S 
V^^S: 5 >':?'Afc^$-a:Sfc*:>iOb-^'|gil)liIIS<0* 
«cWIllS8lfl«<5!li£-^-rtcO-C*)S. 09(i, 08<OI1ISS 

(00611 Cl<O08fc:^-^!iISKi. 02^^-^ ^ K 
K^'f-'N'l 0 3rt{Ciffl;^jii;ixTV>|,. 
[00621 20<7)b-^'3. 4tiFET20. 21lC 
X'yX:^>:^y^ixh. 
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[00 6 3].C:Ob-^'8[i!llHl8St:fcvmi. VVi^s 
•yMslK2 5*»^, iBm^ii'^<r>\-ocn\L—9^-th 

T-^'DTi:. b-h/NVl'Xi^^|5IS&2 6*-f>ttJ:>3$ 

^i:. l?fj*LJtx>'3-:?'2 0 6*»4><0ttai^'>f S 
g#fc*<A:>3^ilTt>0, V>'i/3 y MlISS2 5{4C:tl. 

Br^i^^yt/i^^Mgd^oJiaiSgSOb— ^'Kift/'C/i'Xe^D P 
(139 (a) ^ai^J^S. 
[00 641 dcOb-^-igiftyNVUXjt^DPti. 

Jr7^ilr^i.)ty>0<I#T* 0. v:/i/'3 yM5I825 
*>(i>FET20, 21^ Tc^ratCttJt tc:|5lt)t UT<0|11 
K^^tci-p-C. 2o<7>b-:$'3tJj:l/b-:J'4S:KW 

■rs/ctfxo. iimeaift:*'^ 5>'^<^-m^2o<Digift'''« 

/l^XtS#DP3tJj:I/DP4 (09 ( i ) ( j ) ) Srf^ 

[006 51 WS^g y M5ISS2 5*»<i>ai:^J$i^i.b— 
:^'^g^6/^V^X^l^DP^±, U vT-^ O-yT 

mtf2Mhz<0^'O>y^'ll^ck (09 (b)#Bg) 

[00 661 Ltzi^-oX. b-:J'IBM>'NVUx<i-^DP 
ti. FF27. 2 8{Cl^'a y:?^i-riXJt:J'>f S^-^f^T 
^•y^SixS.rttC^O. JSSfl^JtC, FF27. 28*> 
<ol±500ns ( l/2MHz) ;/2Jtji:±*J0^'^ 
y<o-rtvf^^Vl-:^m^D P 1 ij Jct/D P 2*JaJ::>3$ixS 

(H9 (c) (d)#jfg) . 

[0 0 6 71 C:ix4>2oc0/NVPXfi-tDP 1 tJit/DP 
2 S:J2lTtc:ittBB-ri>lHl^tSiatcJ: 7 ^rJ^AtiSS^dJ- 
iJt-C2-:>c7)FET2 0. 2 IfcAift-r-Siofc-rS. 

[00 681 SlJS56^ilIS& 3 0. 3 1«. 1 b'«y h«a 
ISRND liJj;t^RND25r^<x^ix^fi6^-r& (09 

(e) (s)mm) . ZtlhnMtHiJRliDltiiiX/R 
ND2{4. FF32. SSizX-yX. b— :$'|g|ft>'NVl'X 
m^DP<7)iL±.i}^0^^ 5.y:!^-Vy' y^^tl^ 
ll^Rlt>J:VR2i:UTai^J$ix& (09 (f) 

(h)#sa). 

[00 6 91 -feU7MHlS84 0(4. ^ifcO^- MUmc 
i^r^^Sn. Hr^^m:^Rlt}J:tXR2<0 "H" 

"L" <0|ft;^ii^t>*tcJ:oT. 2o<o/'?;Uxe^D P 1 
is J:l^D P 2 ^StR^i-SLT . b-rJ' 3l®&fflW^®^N* 
/l'X«^DP3tJJ:l/b-:5'4 Sgil)fflc7)igi!>>' •^iVT.m^ 
DP4i:LT2-PiOFET2 0. 2l\,Z^ii'thXdm 

[ 0 0 7 0 1 *t® ( a ) - R 1 = "H" ■C*>oR2** 
"L" cot#tC«: DP3(Cl41i-^DP l7WS«?$ti. 



DP4(C(4«^DP2*iStf?$iX. y^-S'Sl.imm.^^ 
SV^^iO^lr^ffi^DP llcJ:oTiES&$n. b-:$'4t4 
5 i'^^OSv^lt^D P 2 tci -o-CSEiftS^LS. 
[0 07 11 (b) •••R2*« "H" <0^tC(4. Rl 
IC«W^^< , D P 3 *><kt/D P 4 (Ctift^D P 1 ifim 
tR^tl. b-:J'3*Jj:l/^4l4(S^DPl(cJ:oTffil8$ 

[0 0 7 21 tt^ (c ) - R 1 - "L" •Ci)^-OK2.ifi 
"L" iOk^m. DP3m(t^DP2*<jStJ?$il. 
DP4tC(4<t^DPl*<S«?$ix. b-:J'3t4ii^^'^ 

5>':/OMV^e#DP2^CJ;-DT^S^^. b-^^4l4 

[00731 dcoi ^ (C. ±iEIIJt«®(CtJV^Tti. a 
af6^El»3 0tJitX3 1*>^. 1 b' y htOffliSJrf^ 

J:<oaJStcj:-:>T2o£7)b-^'3. 4eD5imraft& 
rJ'-f 5^^^5:SMb$-d:S.ri:t^J:0. leii^ •/ H 1 ted 

1 H -y h«tcScS{C7>':rAtc^^b$ii-TV%i>(;oT. V 

[0074] tea. ^^^-^[^ii^it^^hmmiti n-y 
Ymmz.mh-f2 v y ^stn -y hmffi. i 

[00751 [IS2llifiJgJS] -:>^'fc:. 01 0-012. 

[ 0 0 7 6 1 CCOI^ 2 <0|IM?e®-C«. 010 iZirctX 
2ffl<0b-i'3. 4fc^-n-eix»^:5®EV3. 
V4Sre3jD-rsCi:tcJ:0. ttai:^ri6j«:W^rt-c^ 

[00771010 (a) t::^J:dtC. V3>V4-C 
iim-rSi:. 3tO06 (a) -C^LfcidtC, -fy^'O 

[00781 tJt. 010 (b) iZ7ict^o(,Z. V3=- 
V4^iim-ri>fc. 5t<O06 (b ) T^LTtidt. -f 

[00791 ttz. 010 (c ) tC^J:3tC. V4:> 

V3x^mm-rht. %<me (c > -c^L^iaic. ^ 

[0080 1 Ci(r>XoiZ. 2(ItfOP±ttIb— :J'3. AizW 

[ 0 0 8 11 ortc. 011 (4±^L7t 1 oO'f V^' y 
X;H 0<02O«0b — ^'3. 4fe:-PV^-C<oeiJlrtffiS:^ 
v^Afc:3efl:$-ii:&:t«><ob-^'S®»lllfe<o*«5«llI8ft 
<f«^$:*^t<OT^)^. 01 2t4, 01 l<7)l51SSrtr 

[0 082 1 C:Ob-^'at|l,|5lJg(Ct5V^Tt. •7>'j^3 
-/ MlIK 2 5 mU. K -y KO:t >'3i-7 Sr^W^x 

& br-^j'StSftyNVl-x^i-^D PO>?NVPXlSSr*&^&<l^ 
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t. M^L7txyn-^^2 0 6*^^>«Oia:ai^''f Sy^^ft 
^tt^X:h$n.X}i*). Wi^a y M51SS2 5WC<l<p 

(01 2 (a) #,^) 2rai^J-f-4.. 

10 0 8 3] C<Ob-,^'ffiift>'NVl^;^.^#D P«, tae*il 

ti^DPti. «-b-^3. 4i£-;tVJl-7-rSFET2 
0. 2 l«?5^^-h^tc^^ilA*Sil.-Ci^S. ■r=6:*> 
FET20, 2 Hib-rJ'^/'t/Vxe-tDPtCj: 

10084] SSU@c5fe±0«&3O. 3 1 l?ieial», 1 

S (012(b) (d) #8^) . C:fL^!ajRtli:^3RND 
ltJj:t/RND2ti, FF34, 35tCJ:-jT. b— 

ii, -fe^^h<l^RltJj:W^R2i:LTaJ:>3$*t^ (0 
12(c) ( e ) #S3) . : 

[008 5] hfS^R Hi. ^ >'>''v-^' 3 8 $•:^^ 

L■rra^^9v://^m^lg0i»3 6cOA:^f'-:5'SSl^D 0 

-^'^^DOfcAl^^tlt^^S. -feU^ hfi^R2ti. 

^Di{cX:>J$n-CV^I>. ra^^^-7y;u«ag|ilgS3 
6. 3 7ti, A:^3«M«ffiVhh«:, -bl^^htt^Rl 
fcJ:t^R2*«A:'jSn67'-!^'A:'3«g?D0. D1<0 
"H" "L" cO*t^{:jSt-Cv 3oi0M^4mffVh 
+ , Vh, Vh-£7)Mix*Hc;R^ffiUTai^}-t^t<0T*) 
^. Vhh>Vh+>Vh>Vh--C*0. mn^Vh 
h=12v. Vh+=10. 2v, Vh=10. Iv. 
Vh-= 1 0. 0 vfc-rS. 

[ 0 0 8 6 1 r D V rr/p^jgiiiK 3 .6 . 3 7 ti-^ r 

[00 87] A^lx-^'«1^D0= "L"r, Dl = 
"L" cofc^tcli. ai::'3«ffivo>=Vh-i:^r^. 
[0 0 88] A:^3x-^'®^D.0= "H" -C. Dl = 
"L" Ot^tCti, ai*®EV0 = Vh + i:^«.. 
[0 0 89] A^Jx-;5'J|gi=^Dl = "H"<oa§fc{4, 
DHcB8^^<, aJ:>3«ffVO=Vhfc:5rS. 

[0 0 901 ra^^vy/u^ifiiKse. 3 7<^ai:*j 

SffV3. V4{±. b-^^'S. 4S::frL-CF 

E TO K yt^izmm^ixx\^i> . 

[0091] L-JtJ&^ot. -^U^ hm^R 1. . R2fc:jC 
tTb— ^'3, 4C0mmS.V3. V4tt<JlC<0J;dtcS: 
-fb-rS (012 ( f ) ~ ( i ) #8^) 
«®.(a) •Rl= "H" •CR2** "L">)i: $tc(4. 
b-^?3t=t4®EEVh+36*WJnSii. b-^'4fc:(4m£E. 
Vh-*>'gJliO$*x«>. 

[00921 (b) - Rl= "H" •CR2*5"H" 



4fc:t4mEVh*i^$ixS. 
[009 31 tt® (c ) ■•Rl= "L" •CR2*< "L" 
ff)t^izl,i. b-:J'3l3li«ffiVh-j&«qUD$n.. b- 
rJ' 4 {CtimffiV h +**9ljnSfL& . 

[0094 1 zcr>xo^z, zcrmm&mizi5\^xii. a 

Sl^lllS83 0*iJ:r/3 1*»^, 1 b' y ht^iajSSrfS^ 
$-ti-, COiSLIStca-:ft=l3im=ffil6$/i^.2'?<7)b-^ 

3 . 4 (omam&^^it^-th ztizx<^. im^ •/ h 

Hzmx.ii>tifz^<^yXfU</)-i :^^'ia:aj:trifi)Sr±^ 

[009 51 [HSHJfiJBJS] ortc. lai 3Hai 5 

tc L3t**oT*56Bfl<OlS3<?D|llfeJg®S:lttaH-r«. . 

[00961 z<r>m3<r>m6mmx'(,i. mi sizif^-rx 

Oiz. 2ffl|<0b-^'3. 4lC»0i.&)im>'"?^UX{C«:jt«$ 

^ (^7B*Ra) digits CltlcJ: 0. 2C:«0t-:S'3. 
4<0ji«^S2rSHl:?-ti-. ^ixtciO. ^ y^<r)atiiiyf 

[00971 01 3 (a) iZ^i-XdiZ^ — S^COt-^- 
4^jim4'lcjlf|^l88fr-r&i:. b-^3rao:^*Jt- 
:J'4ffllJ:0?&c7)^**^:^t'<^.6<0-C. 5fefO06 (a) 

[009 8 1 013 ( b ) {c^-f J; d {i. mW^ 

mi:muz-ri>t. income (t) x^LfzXoiz. -i 

[00991 * fvi. 013 ( c ) tc^f J: ^ (c. 
b-:$'3$:am4'lcjim$r^^i>fc. b-:J'41i<0:fir 
*^b-:J'31BaJ:0?a<0««*»':*:t'<=3:StOT, 5fe<O06 
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